ABSTRACT. Cryptosporidium parvum HNJ-1 is widely used as a reference strain in Japan. In the present study, the parasite was subjected for further molecular analysis including transcribed ribosomal region (ITS rRNA), dihydrofolate reductase (DHFR) and surface glycoprotein (GP60) genes. Partial sequence analysis of these genes indicated extensive polymorphism in ITS region compared with relevant sequences of other Cryptosporidium parvum isolates. In addition, this strain was identified as C. parvum IIaA15G2R1 subtype, based on the sequence results of GP60 gene locus.
Cryptosporidium parvum is a ubiquitous enteric parasite of wide range of vertebrate hosts [4] . The parasite has been recognized as an important aetiological agent of diarrheal diseases [6] , especially in immunocompromised patients and neonates [3, 18] . Cattle have been considered the primary non-human species impacted by cryptosporidiosis and the major reservoir of Cryptosporidium for human infections. Calves less than 2 months of age are the major contributors of zoonotic C. parvum [27] , considering that one infected host can excrete between 10 9 and 10 10 of fully infectious oocysts per gram of feces [20] . Despite exhaustive attempts for chemotherapy, no efficacious treatment for cryptosporidiosis has been identified [12] .
Molecular and phylogenetic analyses have been used to understand the genetic structure and relationship of Cryptosporidium parasites [27] . Molecular analysis of C. parvum revealed several genetic families among the isolates from humans and/or cattle as well as several subtypes within each family [13, 25] . However, it is still unclear whether the pathogenesis, virulence, infectivity, or drug sensitivity of Cryptosporidium is related to specific genotype/subtype or not. Therefore, intensive molecular analysis is needed to elucidate these points.
C. parvum HNJ-1 is a zoonotic strain with potential infectivity to human and other animals such as cattle [19] . The strain HNJ-1 has been identified as genotype II and widely used as one of cryptosporidial references in Japan [9, 19] . Genetic analysis of HNJ-1 strain has been focused on major genes and concluded that this strain constitutes a unique subpopulation of the genotype II strain of C. parvum [19] . However, polymorphism of several genes is not yet fully elucidated. Therefore the present study was carried out to partially analyze a panel of polymorphic genes which might be useful for thorough understand of molecular biology as well as pathobiology of Cryptosporidium parvum HNJ-1. The target genes included transcribed ribosomal RNA (ITS region), surface glycoprotein (GP60) and dihydrofolate reductase (DHFR) gene markers.
Cryptosporidium parvum HNJ-1 was first isolated from infected woman in Japan [11] , and maintained in our laboratory by oral passage in SCID mice. Oocysts were purified from the fecal sample of experimentally infected SCID mice using sugar flotation method [15] . DNA from the oocysts was extracted with Mag-Extractor Genome kit (TOYOBO, Osaka, Japan) after 5 rounds of freezing and thawing of oocysts according to manufacturer recommendations.
Nested PCR was used to amplify ITS region utilizing primer sets (Table 1 ) designed based on the published C. parvum sequence (AF040725) using OLIGO (Ver. 6) software. PCR amplifications of Cryptosporidium glycoprotein (GP60) and dihydrofolate reductase (DHFR) were done as described by Leav et al. [10] and Gibbons et al. [8] , respectively. PCR mixture contained 1× PCR buffer for KOD -Plus-Ver. 2, 1 mM MgSO 4 , 0.2 mM dNTPs (each), 0.3 M each primer, 1 l DNA extract as a template and 1.0 unit KOD -Plus-polymerase (TOYOBO). Each PCR consisted of 35 cycles of denaturation at 98°C for 10 sec, annealing at 50°C for 30 sec, and extension at 68°C for 60 sec; an initial denaturation step at 98°C for 2 min and a final extension step at 68°C for 10 min were also included. Products of amplification were subjected to electrophoretic separation using 1.5% agarose gels, stained with ethidium bromide, and visualized by UV transilluminator.
Purified PCR products were cloned in E. coli vector using pT7Blue Perfectly Blunt ® Cloning Kit (Novagen, Darmstadt, Germany), and sequenced using the same PCR primers in 20 l reaction volume using Big Dye ® Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems Japan Ltd., Tokyo, Japan) on an automated sequencer (Applied Biosystems 3130xl Genetic Analyzer; Applied Biosystems Japan Ltd.). Accuracy of the data was confirmed by two-directional sequencing. Maximum Parsimony method, based on the GP60 data, was used to infer the relationship of C. parvum HNJ-1 with other parvum cryptosporidia by MEGA4 [23] .
Excluding the flanking regions 18S, 5.8S and 28S rRNA, the length of the obtained ITS1 and ITS2 sequences was 508 and 503 bp, respectively. Homology search with those for different C. parvum isolates deposited in Genebank revealed that the ITS-1 generated sequence for HNJ-1 showed high similarity (98-95%) with those for C. parvum bovine genotype (AF040725, AF015773 and AF093009), while the margin of similarity declined (74 %) compared with the sequences of C. parvum human genotype (AF222998, AF093012 and AF093011). Similar results were also evoked by the sequence of ITS2 region. Noteworthily, a very substantial degree of variation in the form of substitutions, deletions and insertions distributed along the sequence was noticed in HNJ-1 ITS sequences compared with the above mentioned ones. In agreement with these findings, Morgan et al. [14] and Power et al. [17] reported that ITS regions of Cryptosporidium exhibited extensive sequence variations, with as little as 60% identity between some species. However, the variability at ITS region of Cryptosporidium provides a useful genetic marker for genotypic identification [7, 28] and fine resolution for taxonomy [14] .
Over 10 years, C. parvum HNJ-1 is maintained in our lab. by serial passage in SCID mice. Although SCID mice lack both T and B cells, which deprive the animal from both humoral and cellular immune responses, they have a considerable fraction of innate immunity that enables the mice to control the infection for few weeks [2] . The host responses put the surface determinants, such as Cryptosporidium Surface glycoprotein [GP60], under the host immune selection [10] that may be implicated for the polymorphism at the coding gene. Abe et al. [1] partially sequenced a region of GP60 gene that encompasses the trinucleotide repeat. Therefore, the present study aimed to extend this effort and to ascertain the effect of host's milieu on the genetic consistency of the parasite. The sequence obtained in the present study was identical to the partial sequence [AB237136] reported by Abe et al. [1] , which indicated to the genetic stability of the parasite along the challenge of serial passage. Using the nomenclature described by Sulaiman et al. [22] , this strain was identified as C. parvum subtype IIaA15G2R1 which has the potential infectivity to human and other animals such as cattle [19, 22] . Blast search showed that the generated sequence was identical to that reported for C. parvum IIa subtype including AF164492 for C. parvum isolate from Peru [21] and AF374350 from human [Ong et al. 2003, direct submission] . Noteworthily, the obtained sequence was identical to that of C. parvum calf genotype reported by Wu et al. [26] from Japan, which may support the concept that there is a limited diversity in genotype II among the isolates from different regions of Japan.
Cryptosporidiosis is refractory to treatment with common antibacterial and antiprotozoal drugs belong to antifolates' family due to the intrinsic uniqueness of DHFR [24] . In addition, polymorphisms in DHFR gene locus play a powerful probe to examine the genotypic diversity and genetic population of C. parvum [8] . DHFR sequence derived from HNJ-1 showed one nucleotide substitution compared with sequence U41365 derived from bovine genotype. On the other hand, several nucleotide substitutions were noticed [96% similarity] compared with U41366 derived from C. parvum human genotype II [24] .
